Homeotic genes are aligned on the chromosome in the order of the segments that they specify along the anteroposterior axis of the fly. In general the genes affecting the more posterior segments repress the more anterior genes, a phenomenon known as "posterior dominance". There is however a noticeable exception to this rule in the central nervous system of Drosophila melanogaster where the posterior Abd-B gene does not repress the immediately more anterior abd-A gene. Instead, abd-A repression is accomplished by a 92 kb-long ncRNA (the iab8ncRNA) that is transcribed from the large inter-genic region between abd-A and Abd-B. This iab-8ncRNA encodes a microRNA to repress abd-A and also a second redundant repression mechanism acting in cis and thought to be transcriptional interference with the abd-A promoter. Using in situ hybridization, a previous work suggested that the iab8ncRNA transcript forms discrete foci restricted to the nuclear periphery and that this localization may be important for its function. In order to better characterize the intra-cellular localization of the iab-8ncRNA we used the MS2-MCP system, which allows fluorescent labeling of RNA in cells and relies on the interaction between GFP-tagged MS2 coat protein (MCP-GFP) and MS2 RNA stem loops. Our results indicate that the large foci seen in previous studies correspond to the site of iab8ncRNA transcription and that the foci seen may simply be an indication of the level of transcription at the locus. We find no evidence to suggest that this localization is important for its function on abd-A repression. We discuss the idea that the iab8ncRNA may be a relic of a more general ancient mechanism of posterior dominance during the emergence of the hox clusters that was mediated by transcriptional interference.
Introduction
In Drosophila, the Hox genes were discovered through mutations that affect the identities of the segments that form along the AP axis of the fly. Many of these mutations were identified within the posterior Hox complex of the fly, called the bithorax complex (BX-C) (Lewis, 1978;  for review, see Maeda and Karch, 2006) . The BX-C specifies the identity of each of the segments that contributes to the posterior twothirds of the fly from parasegments 5 to 13. These parasegments form the posterior thorax and all the abdominal segments of the adult fly (posterior T2, T3 and all eight abdominal segments A1-A8). Although the BX-C spans a genomic region larger than 300 kb, it only encodes three homeotic genes: Ultrabithorax (Ubx), abdominal A (abd-A) and Abdominal B (Abd-B) (Lewis, 1978; Sanchez-Herrero et al., 1985; Tiong et al., 1985) . The parasegmental-specific expression of Ubx, abd-A and Abd-B is regulated by large cis-regulatory regions organized into parasegment-specific regulatory domains. Remarkably, the regulatory domains are arranged along the chromosome in the same order as the parasegments in which they act along the AP axis of the embryos and later of the adult fly (for reviews, see Karch, 2006, 2015; Peifer et al., 1987) . Fig. 1 depicts the molecular organization of the abdominal region of the BX-C encoding the abd-A and Abd-B genes that are responsible for the specification of the 2nd through 8th abdominal segments of the adult fly (PS7 to PS13). The regulatory domains drawn in blue, iab-2, iab-3 and iab-4 are responsible for the identities of PS7/A2, PS8/A3 and PS9/A4 respectively, through their regulatory effect on the abd-A gene (shown in blue). Similarly, the regulatory domains depicted in green, iab-5, iab-6, iab-7 and iab-8, specify the identities of PS10/A5, PS11/A6, PS12/A7 and PS13/A8 through their regulatory activity on the Abd-B gene (from the A promoter, also known as the m-form).
melanogaster, primary transcripts cover at least 60% of the genome. Long, non-coding RNAs (lncRNAs) comprise the majority of these transcripts. lncRNAs are defined as RNA polymerase II (RNAPII) transcripts that lack an open reading frame and are longer than 200 nucleotides. Most of these lncRNAs are evolutionarily conserved, though they exhibit poor conservation at the primary sequence level (Pang et al., 2006) . What is often conserved are the promoter regions and splice sites, a criterion that has been applied to help in their identification (Rose et al., 2011) . The issue that remains to be clarified is whether these lncRNAs are biologically relevant or, if they simply represent "transcriptional noise" in the genome.
An exceptionally long ncRNA (97 kb) that spans the entire intergenic region between the abd-A and Abd-B genes has been recently characterized within the BX-C (Graveley et al., 2011; Gummalla et al., 2012; Fig. 1A) . This transcript appears during early embryogenesis (stage 6) in PS13 and PS14 in the epidermis and presumptive central nervous system (CNS; Fig. 2 ). From mid-embryogenesis (stage 14; extended germ band), expression is restricted to PS13 and 14 of the developing CNS and is maintained throughout larval and pupal stages (Garaulet et al., 2014) . As the promoter for this lncRNA is located within the iab-8 cis-regulatory domain between the Fab-8 boundary and the 3′ end of the Abd-B transcription unit ([ Fig. 1A ; Graveley et al., 2011 #704] (Enderle et al., 2011; Gummalla et al., 2012) for review see also (Gummalla et al., 2014) ), the transcript has been named the iab-8ncRNA. The major identified function of the iab-8ncRNA is to provide the template for the iab-8 microRNA (miRiab-8) that lies within the 5th intron of the iab-8ncRNA transcription unit. A failure to produce miRiab-8 results in sterility in both sexes. The gonads of these flies appear normal and the sterility seems to be the consequence of neuromuscular defects in which the females are unable to push their eggs along the oviduct and the males are unable to curve their abdomen far enough to mate properly. These neuromuscular defects agree with the tissue-specific expression of miRiab-8 in the CNS. While target sequences for miRiab-8 have been identified within the 3′UTR sequences of the hox genes Antp, Ubx and abd-A (Ronshaugen et al., 2005) , as well as the Hox co-factors exd and htx (Garaulet et al., 2014) , experiments performed with sensor constructs or by ectopically expressing miRiab8 have shown that abd-A is the most sensitive target for miRiab8 repression (Ronshaugen et al., 2005; Stark et al., 2008; Thomsen et al., 2010; Tyler et al., 2008) . In agreement with these observations, a deletion of sequence of miRiab-8 in the genome leads to the derepression of abd-A in a few neurons in PS13. Interestingly, however, a mutation eliminating the production of the entire iab-8ncRNA results into a complete derepression of abd-A in PS13. This observation suggested the existence of additional repressive mechanisms lying somewhere within the large, iab-8ncRNA transcription unit.
Using genetic rearrangement breaks that truncate the lncRNA, an additional repressive mechanism was discovered. Because this repressive element maps near the 3′ end of the lncRNA and seems to only work only in "cis", it is thought that this second mechanism of repression is mediated by transcription of the iab-8ncRNA on the abd-A promoter (Gummalla et al., 2012 (Gummalla et al., , 2014 . Like deletion of the miRNA, prevention of this second mechanism of abd-A repression yields a derepression of abd-A in a few neurons of PS13. Unlike deletion of the Fig. 1 . Synopsis of the abdominal region of the BX-C and the iab-8ncRNA. A The abdominal region of the BX-C with the abd-A and Abd-B transcription is drawn at the scale marked of in kilobases above the genomic line. Note the polarity of transcription of abd-A and Abd-B from right to left. The segment-specific regulatory domains are drawn as colored rectangles. The iab-2, iab-3 and iab-4 regulatory domains are drawn in blue because each of them direct the segment-specific expression patterns of abd-A n the 2nd, 3rd and 4th abdominal segments respectively. The iab-5, iab-6, iab-7 and iab-8 regulatory domains are drawn in green, as they regulate Abd-B expression in the 5th, 6th, 7th and 8th abdominal segments respectively. The structure of the iab-8ncRNA transcription unit is drawn in red, with its 8 exons and 7 introns. The polarity of transcription is also from right to left. Note the location of miRiab-8 within intron V. The triangle above exon 2 indicates the location where we have inserted the 24 MS2 stem-loop sequences. The intronic site of the stellaris probes that were generated in intron III is indicated by a yellow rectangle. The location of the DNA FISH probe is also indicated. Panel B summarizes the scheme to follow the iab-8ncRNA with the MCP-GFP and MS2 binding sites. The strain in which we have inserted 24 MS stem-loops (3rd chromosome) has been combined with a strain carrying the MCP-GFP transgene on the 2nd chromosome (kindly provided by Forrest and Gavis, 2003) . The resulting flies are homozygous for both markers. Of importance here is the fact that association of the MCP-GFP fusion protein with the iab-8ncRNA can be followed in all the embryos laid by this strain on both homologs. Panel C represents in the form of a cartoon several RNA polymerase II following each other on the DNA template and engaged into the transcription of the iab8ncRNA. Depending on the frequency of initiation events many MCP GFP can be recruited at the site of transcription. miRNA, which is male and female sterile, removal of the second repressive mechanism is female sterile but male fertile. This indicates that these two mechanisms are not completely redundant. Yet, in both cases, removal of each mode of repression individually, only leads to a slight derepression of abd-A while the removal of the entire iab8ncRNA leads to a complete derepression of abd-A. Thus, it remains unclear if this is an indication of strong redundancy between the two mechanisms of repression, or if there are additional repressive functions within the iab-8ncRNA. Given the extreme length of the iab-8ncRNA, the latter possibility is attractive, as one wonders why such a long ncRNA has been kept through evolution, if so little is required for its function?
Using in situ hybridization, Drewell et al. (2002) previously reported that the iab8ncRNA transcript can be seen as discrete foci that appear to be restricted to the nuclear periphery and that this localization may be important for its function (Drewell et al., 2002) . In order to test if this localization pattern is indicative of additional functions of the iab8ncRNA, we decided to take a closer look at the intracellular localization of the iab8ncRNA. Our results indicate that the large foci seen in previous studies correspond to the site of iab8ncRNA transcription and that the foci seen may simply be an indication of the level of transcription at the locus. We find no evidence to suggest that this localization is important for its function on abd-A repression (outside of its known functions), though we cannot rule out a function in other processes.
Results and discussion
In situ hybridization experiments using an exonic DIG-labeled probe for the last exon of the iab8ncRNA (exon8) reveal discrete perinuclear foci within PS13 and 14 of the early embryo on top of diffuse cytoplasmic staining (Fig. 2B ). To verify that this localization pattern is real and not an artifact of the staining procedure, we chose to create an MS2-tagged iab8ncRNA that could be used to follow the endogenous RNA in fixed, or live samples. The MS2 system works through the specific interaction between an MS2 RNA stem loop and the bacteriophage MS2 coat protein (here, fused to GFP (MCP-GFP; Bertrand et al., 1998) . To introduce the MS2 RNA stem loops within the template sequence of the iab8ncRNA, we have taken advantage of a phiC31 based integration platform generated in our laboratory (Wolle et al., in press) . In this platform, the whole Fab-7 boundary and the abutting iab-7 PRE have been deleted and replaced by a minimal 50 bp-long attP site (the Fab-7 attP50 integration platform; (Hagstrom et al., 1997; Mihaly et al., 1997) . Because the Fab-7 attP50 deletion also removes exon 2 of the iab8ncRNA, we took advantage of the platform to integrate a fragment that contains all of the deleted sequences but where 24 MS2 stem loop structures were placed into the iab8ncRNA exon 2 sequence. After flipping out the rosy + marker used to select for integration, we recovered a chromosome that can be kept as a homozygous stock and behaves indistinguishably from a WT chromosome. Of particular importance, the flies are fully fertile indicating that the insertion of the MS2 stem loops does not interfere with normal transcription of the iab-8ncRNA. By inserting the tag in exon 2, we can follow both the primary transcript and the spliced product of this RNA. In principle, the MS2 system not only allows for the visualization of the iab8ncRNA but also could be used to pull down binding partners of this RNA (proteins, RNA or DNA) (Batey and Kieft, 2007; Yoon et al., 2012) .
We introduced within the strain homozygous for the tagged iab8ncRNA a transgene expressing the MCP-GFP fusion protein under the control of the ubiquitous hsp83 promoter (kindly provided by Lis Gavis; Forrest and Gavis, 2003) . The ubiquitous expression of the MCP-GFP fusion protein leads to a low and diffuse level of background across the all tissues. Signal, however, can be seen as concentrated spots of GFP fluorescence within the cell due to the number of GFP molecules concentrated by the 24 MS2 stem loops. Examination of the resulting embryos by confocal microscopy reveals a multitude of bright spots concentrated near the posterior end of the embryo (Fig. 2C) . At first, the signal can be seen throughout the posterior epidermis, but later becomes restricted to the posterior neural cord. To define the signal more precisely along the AP axis, we performed co-staining experiments with antibodies directed against the engrailed or Abd-B proteins. As can be seen in Fig. 3A -D, engrailed staining shows that the MCP-GFP dots are present in PS13 and PS14 of the CNS. This is corroborated in Fig. 3E -H where both MCP-GFP and Abd-B are followed. As shown in red (Fig. 3G) , Abd-B is expressed from PS10 to PS13 under the control of the iab-5, iab-6, iab-7 and iab-8 regulatory domains. An alternatively spliced form of Abd-B is also expressed in PS14 from upstream promoters, B, C and γ, (Boulet et al., 1991; Zavortink and Sakonju, 1989) . The regulatory elements controlling these upstream promoters have yet to be identified.
As expected, the MCP-GFP signal is visible in PS13 and PS14. As this pattern is similar to the non-tagged RNA detected by in situ-hybridization experiments and is absent from control embryos expressing only the MCP-GFP transgene, we believe that these spots represent the true expression pattern of the iab8ncRNA and are not simply the result of MCP-GFP protein aggregation (Fig. 3) .
A careful examination of the Abd-B/MCP-GFP co-stained embryos indicates that every nucleus containing Abd-B is also positive for the MCP-GFP signal, suggesting that both transcripts are co-expressed in the same cells of PS13 and PS14. This co-localization could be explained if the promoter of the iab8ncRNA was regulated by Abd-B. This possibility, however, was ruled out by Gummalla et al. (2012) , who showed that the iab8ncRNA was expressed normally in the context of an Abd-B mutation. It is thus very likely that the promoters of the iab8ncRNA and of the Abd-B gene are regulated by the same set of enhancers. Although these enhancers have not been identified functionally, genetic complementation tests performed by Bender (2008) allow us to map these enhancers to the area between the rearrangement breakpoints iab-8 S10 and iab-8 65 (see Fig. 1A ).
Intra-nuclear localization of the iab8ncRNA
At a low magnification, the iab8ncRNA transcript appears as large, green dots present in almost every cell. Previously, Drewell et al. (2002) showed that while other ncRNA transcripts were seen as mostly cytoplasmic, the iab8ncRNA was seen as discrete foci located at the nuclear periphery. We wanted to examine the location of the dot within the cell more carefully, to determine if the signal was nuclear or cytoplasmic. Using nuclear lamin to mark the limit of the nuclear envelope, we find that the MS2-GFP signal is exclusively nuclear (Fig. 4) . A logical assumption for the nuclear position of these dots is that they correspond to the site of transcription. Alternatively, these dots could correspond to a particular nuclear compartment where the iab8ncRNA accumulates to ensure a specific function, such as the Dot.COM nuclear compartment where piRNA primary transcripts have previously been shown to accumulate (Dennis et al., 2013) .
Stellaris technology was recently developed to visualize single RNA molecules and involves mixtures of 48 oligomers labeled at their C-termini with a fluorophore that will target an RNA. Using this method, we designed a probe that hybridizes to a portion of intron III (in iab6) of the iab8ncRNA to detect nascent transcripts (Fig. 1A) . Several studies have suggested that splicing occurs while nascent RNAs are still tethered to the DNA via RNA polymerase II (Bauren and Wieslander, 1994; Beyer and Osheim, 1988; Listerman et al., 2006; Pandya-Jones and Black, 2009; Singh and Padgett, 2009; Zhang et al., 1994 ). The iab8ncRNA has been shown to be spliced (Gummalla et al., 2012) . Therefore, intron III (where the probe is located) is probably removed from the iab8 pre-RNA during transcription while the pre-RNA is still tethered to the gene locus. Using Stellaris RNA FISH detection, in combination with immunostaining for GFP shows that the Stellaris signal and the GFP signal colocalize. This suggests that the signal observed for MCP-GFP corresponds to the signal of the pre-RNA (Fig. 5A ). To confirm this observation, we performed an immunoFISH, experiment in which GFP staining was followed by hybridization of a DNA probe made from the Mcp boundary region of the BX-C (Fig. 1A) . As in the previous experiments, the two signals overlap or are adjacent in most of the nuclei examined (Fig. 5B) . Together, these data strongly support the idea that the foci seen when looking at the iab8ncRNA simply reflect the nascent transcript being transcribed. We observe a single dots in most nuclei displayed in Figs. 2-5 which reflect the site of transcription from both homologs that remain paired during interphase in Drosophila. It should be noticed however that in early stage embryos, when rapid and successive nuclear divisions take place, we often observe 2 spots per nuclei that may represent transcripts derived from the homologous chromosomes that do not have time to pair with each other during the short interphase (data not shown).
In summary, we are able to visualize the iab-8ncRNA through recruitment of GFP-tagged MS2 coat proteins (MCP-GFP) to the RNA. In most instances, we detect 1-2 spots within nuclei that seem to correspond to their sites of transcription. In our in situ hybridization experiments, we mostly focused on the large foci present at the nuclear periphery. However, it is of note that much of the signal that we see is actually cytoplasmic. The fact that the mature iab8ncRNA transcript is polyadenylated, suggests that this transcript is probably exported to the cytoplasm, and that the cytoplasmic staining we see using standard in situ hybridization with exonic probes is real (Graveley et al., 2011; Gummalla et al., 2012) . Using our MS2-GFP reporter, however, we were not able to see this cytoplasmic signal. We believe this is due to the ubiquitous expression of the MCP-GFP protein that creates a diffuse background level of fluorescence across the embryo. If this is true and the background fluorescence masks the cytoplasmic signal, then this would indicate that there must be multiple transcripts at the site of transcription to obtain such a strong signal. This idea seems to be supported by fluorescence quantification of the RNA spots relative to DNA FISH probes (not shown). But does an accumulation of transcript indicate a special function, or simply reflect the length of the transcript and the strength of the promoter?
The incredible size of the iab8ncRNA transcription unit would seem to imply that the RNA should have additional functions. However, at least for the repression of abd-A, this idea is not supported by the data. Previously, we have shown that truncating the iab8ncRNA before the miRNA results in complete derepression of abd-A. Based on this, no repressive activity can be attributed to the transcript up through exon5. Furthermore truncation of the transcript downstream of the miRNA leads to only a slight derepression of abd-A that seems to be similar for all truncations up through the end of the transcript. The similarity of these phenotypes suggest a single defect; a defect we believe is due to the lack of transcriptional interference. Thus, while we cannot absolutely rule out additional functions in iab8ncRNA or that its localization plays a role in its function in transcriptional interference (besides the obvious fact that it is transcribed there), we favor the idea that the intense spots of fluorescence seen in MS2-MCP-GFP embryos, simply reflect a high level of transcription at the locus and the extreme length of the transcript. If this is true, the high level of transcription may imply that the mechanism of transcriptional interference requires active and constant transcription.
But why is the transcript so long? One hypothesis is that iab8ncRNA could have a function in modulating the output of the regulatory domains in PS13/A8. It has been shown that forcing transcription across PREs, can interfere with Polycomb silencing (Bender and Fitzgerald, 2002; Hogga and Karch, 2002) . Thus, it is possible that the act of transcribing the iab8ncRNA across the whole intergenic region prevents Polycomb silencing of the iab-3 through iab-7 regulatory domains, keeping them all in active states in PS13/A8. This is in agreement with the model of Ed Lewis and with the observations gathered from enhancer traps showing an active status of all iab domains in PS13/A8. However, in the Fab-8 64 mutants, which lack an iab8ncRNA promoter, PS13/A8 appears normal. This argues against a role for transcription in maintaining the open status of the iab-2 through iab-7 domains in PS13, though we cannot rule out subtle effects. A number of reasons now lead us to believe that there is nothing really peculiar about the length of the iab8ncRNA transcription unit and that it may simply be a relic of an ancient hox gene. As mentioned earlier, Hox genes are conserved through evolution and are organized into clusters in which the arrangement of the hox genes along the chromosome reflects the order of the structures they specify along the antero-posterior axis of the animal. This organization is referred to as colinearity. In addition to colinearity, there is an additional conserved feature among hox gene clusters in which the genes expressed in more-posterior structures repress the expression of the genes expressed more-anteriorly. This rule is known as the posterior dominance rule. As we previously pointed out (Gummalla et al., 2012 ) the repression of abd-A by the iab8ncRNA fits with the posterior dominance rule (see also (Singh and Mishra, 2008; Yekta et al., 2008) ). The difference here lies in the fact that repression of the anterior hox gene is not mediated by a posterior Hox protein, but by the transcription of an RNA that uses transcriptional interference as one of its primary mechanisms. Transcriptional interference would then fix the arrangement the ncRNA in the BX-C. In this respect, it is possible that ancestral Hox genes turned off their more-anterior neighbors by read-through transcription and that iab8ncRNA is a remnant from such a mechanism where the coding sequence has been lost. The length of the iab8ncRNA then, might be explained by an ancestral mechanism of transcriptional interference coupled with its expression pattern in PS13. On one end, to ensure proper expression in PS13, the promoter must lie in proximity to the PS13-specific enhancers, hence be within iab-8. On the other end, the mechanism of transcriptional interference requires that the transcript reach the abd-A promoter. In principle, the template sequences for miRiab-8 could have evolved in any position between the promoter of the iab8ncRNA and the abd-A promoter. However miRiab-8 is also expressed from the opposite strand in PS8 to PS12 giving rise to miRiab-4 (Ronshaugen et al., 2005; Stark et al., 2008; Tyler et al., 2008) . This fact may have contributed to its proximity to iab-3.
The remaining question to discuss is the splicing pattern, with one exon present in each of the regulatory domains. Genomic comparisons between Drosophila species indicate that while the splicing pattern has been conserved, the sequences of the exons are not more conserved than those of the introns. It is only the existence of the exons that is conserved, as if the act of splicing that plays a crucial role. But what does spicing do to a ncRNA? As splicing is one of the major constraints on the speed of transcription elongation (Jonkers et al., 2014) , it is interesting to speculate that splicing might be important to slow down the transcription of the iab8ncRNA. In slowing down the initial transcripts, perhaps splicing plays the role of a clock ensuring a timely synthesis of miRiab-8 and delaying the arrival of RNA polymerase to the abd-A promoter. A number of internal deficiencies removing various exons exist in our fly collection. It may be of interest to evaluate the timing of abd-A repression in PS13 in these various mutant strains.
Material and methods

Fly stocks
The 24 MS2 stem-loop sequences were retrieved from plasmid PCR4-24X MS2SL purchased at "addgene" and inserted within an AatII restriction site in the middle of exon 2 of the iab-8ncRNA. To insert this construct within the BX-C, we have used a ΦC31 based integration platform generated in our laboratory to study the Fab-7 boundary (Wolle et al., in press ; details can be obtained on request). To visualize the iab8 lncRNA these flies were combined with the fly line P{w[+mC] = Hsp83-MCP-GFP} transgenic insertion on the 2nd chromosome allowing expression of the MCP-GFP under the control of the hsp83 promoter (Forrest and Gavis, 2003) .
Embryo collection and immunofluorescence
Embryo collection and fixation were performed essentially as described previously (Karch et al., 1990) . Embryos were incubated overnight at 4 degres with the primary antibodies in PBT-BSA (mouse anti-GFP [1:500]; (DSHB-GFP-12A6), mouse anti-ADB-B [1:2]), developed by S. Celniker, Developmental Studies Hybridoma Bank, mouse anti-lamin Dm0 (DSHB-ADL67.10), rabbit anti-Engrailed (1:500, Santa Cruz Biotechnology). After washing 3 times using PBT-BSA, they were incubated for another 1 h at room temperature with the fluorescent secondary antibody in PBT-BSA containing % normal goat serum (NGS). Secondary antibodies were goat anti-mouse, goat antirabbit, coupled to either Alexa 488 or Alexa 555 (1:500, Molecular Probes).
Nuclei were stained with DAPI and WGA-Alexa 633 (1/500 dilution, Molecular Probes). Finally, embryos were washed 3 times with PBT before mounted in fluoromount-G (SouthernBiotech).
Imaging
After mounting embryos were imaged in 3D using a Zeiss LSM700 confocal microscope. We used 2 different objectives: EC Plan-Neofluar 40×/1.30 Oil DIC M27 and Plan-Apochromat 63×/1.4 Oil DIC M27. For each image, three-dimensional stacks at high resolution (1032 * 1032, 12 bits per pixels, 0.9-0.156 μm pixel size, pinhole set up at 1airy unit function of the lazer) were acquired in each fluorescence channel using optimal separation between the optical slices. The fluorescence pictures show free maximum projection stacks of images, after scanning through the depth of the tissue.
Image analyses and quantification on fixed embryos were performed in Fidji. Nuclear RNAFISH signal detection was performed using 3D Object Counter plugin on FIJI with a 12-connected-voxels minimal threshold.
Stellaris probe
The sequence used for the stellaris probe is the following: CTCCACTT  TAAGTGAAATGAACTAATGCCTGGAATTAAATTGTACATGTATTGTATTT  AAAATATATTATTATATTTTAGCGACTGCACATATGTAGCTTAAACGTAATC  GAACACTAACTTTAGGCACATTTTGTAGAGGAGGGTTGGCAAAACAGCAA  TTTGGCTAGCCATGTCTGAAAGGCTCTAAATAAATAATGAAATTACGTCT  GCACCAGGCAAATTCATGTAAGTGCCCCTGCTTCTTCAGAGTAGCGGAAT  ATGTATAGATAGATAGATGTTCATTTGAAATTTTAATCAGCGTTCCGTGCTG  CAAGCTCCAATTGCGCGGGCAAATTGAATTAATTTGACTAATTTCTCAGATA  CATTTGCATGGAACAAGCTTCTCCACGGTCTTTTGGCTCTCCGGACCGCCTT  GATTACATTAAAGATGCGCAATTAGAAAAGCCCACTGAGTTTGCAAAGACA  GTCCGTCGGTGAAATGGTAAGGGTTGCCAAATGAATGGCCACTTGGGCGA  AGGGTTCGGCACTGGCTTCATTAAGTGCCAGAAGGTGCTGCCAATTTGGA  ACTGCCAAACAACCTTGGGGTCTTTCTTCACCTGTTTTGGTGCTTTCCGGAT  GGGGGATTAGATAAAGAGTTTCGCCCCAAGTGAAATATTTATAATTTGGG  AGCAGAGAATGAATATGAAATTTTCTATCCGCCACTGAAACATTAAACAT  TTCTGTTGAAATATCATAAAAATTGTTGAATATAATTTTACTTAAACGGGC  CAGCGTTATTACGTTGTCAGTGTTCAAACACACTTAGAAATTTCTAAGTCTT  ACTCTTAGAAAACATTTTTTTTCGAGTGCATTTGTTTTCCTTGTTTTCTCTTT  TCGCGATTTCGAAATTTTTGAGGGAAATTCTTTTCTGCTTTCGCCTTTGATT  TATTTGCGTCAGAATTCCGAAGGCCGCGGCTAATTAAACAACCAAAGCCCA  GCAGCATCTACATCTACAGGGGATCAGCATCAACAAAAGTCGAATCAGCTA  CGAACCGTAAACAAACTTTTGCCGGCTCGCCCGCTGGAAGTGGGCGGTGG  GTGGGTGAGGGCAGCCATAAACAGCTGCACACCGAACGGGTTCAAGTTG  AATGAAGAAGCTATTTCGACATATGCACAGGG. Stellaris experiments were performed as described (https://www. biosearchtech.com/assets/bti_custom_stellaris_drosophila_protocol. pdf) except that hybridization was carried o/n.
RNA-fluorescence in situ hybridization (RNA-FISH)
The production of digoxigenin-labeled probes and the hybridization of embryos was performed as described by Bender and Fitzgerald (2002) , except that acetone treatment (Nagaso et al., 2001 ) was used instead of proteinase K for permeabilization of the embryos.
Immuno-DNA-fluorescence in situ hybridization (DNA-FISH)
The immunostaining was performed first (see above) then the embryos were post-fixed 10 min with 3.7% paraformaldehyde in phosphate buffered saline (PBS) (pH 7.4). Then the staining was followed by a DNA FISH procedure described previously (http://www. igh.cnrs.fr/equip/cavalli/Lab%20Protocols/p5.pdf). The embryos were transferred to a pre-hybridization solution containing PBS-0.3% Triton X-100 and increasing amount of pHM (50% formamide, 4XSSC, 100 mM NaH2PO4 pH7.0, 0.1% Tween20). DNA was denatured 10 min at 80°C and hybridization was carried out O/N at 37°C in Fish Hybridization Buffer. 2XSSC, 10% dextransulfat, 50% deionized formamide (Sigma), Salmon Sperm DNA at 0.5 mg/ml (0.05% final, i.e. 2% of a 2.5% sonicated and autoclaved stock solution). Post-hybridization washes were performed with a solution containing PBT and decreasing amount of formamide (50%-0%). DNA was counterstained with DAPI and the embryos were then mounted on a slide using fluoromountG.
